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DETAILED ACTION 

Claim Rejections - 35 USC § 103 

The text of those sections of Title 35, U.S. Code not included in this action can 
be found in a prior Office action. 

Claims 1 -1 5 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Mellstrom et al (WO8902415). 

Mellstrom teaches a method for the purification of silicon wherein the method is 
preferably carried out such that silicon is melted and heated to 1 500-1 6OO0C in a 
melting furnace, whereupon the slag forming agent is added. The particle size of the 
slag forming agent is not critical, but less fumes and less dust are obtained if coarser 
materials are used. Therefore, it would have been obvious to one of ordinary skill in the 
art at the time of the invention that the slag forming agents would be in powder form 
because Mellstrom teaches a suitable particle size for the slag forming agents may be 
added in one or several runs. 

The composition of the slag suitably is .1-50% by weight of solid chlorine 
compounds, 0-50% by weight of at least one compound selected from the group 
consisting of oxides, carbonates and hydroxides of alkali and or alkaline earth metals 
and 0-80% by weight of silica. 

After the addition of the slag forming agents and heating for the desired period of 
time, the melt in the furnace consists of 2 phases, a lower silicon phase and an upper 
slag phase. Thus, the slag is a top slag. To be able to separate the silicon from the slag, 
it may be necessary to allow the slag to cool somewhat to cause it to set. 
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Further, the slag forming agents constitute the extraction phase ie some 
impurities pass from the silicon phase into the slag phase. 

Regarding claim 2, Mellstrom teaches after the addition of the slag forming 
agents and heating for the desired period of time, the melt in the furnace consists of 2 
phases, a lower silicon phase and an upper slag phase. Thus, the slag is a top slag. To 
be able to separate the silicon from the slag, it may be necessary to allow the slag to 
cool somewhat to cause it to set. 

Regarding claims 3 and 6, it would have been obvious to one of ordinary skill in 
the art at the time of the invention to optimize the interval time of adding the additives to 
discharging to achieve maximum purification of the silicon material. 

Regarding claims 4-5 and 7, it would have been obvious to one of ordinary skill in 
the art at the time of the invention that the order of the addition of the slag materials 
would have no impact on the final silicon product as long as all the components are well 
mixed. 

Regarding claims 8 and 10, it would have been obvious to one of ordinary skill in 
the art at the time of the invention to discharge already formed slag as many times as 
needed to obtain additional space for further treatment of the raw silicon having a boron 
concentration. 
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Regarding claim 9, it would have been obvious to one of ordinary skill in the art at 
the time of the invention to optimize the interval time of adding the additives to 
discharging the formed slag to achieve maximum purification of the silicon material. 

Regarding claim 1 1 , it would have been obvious to one of ordinary skill in 
the art at the time of the invention to discharge already formed slag as many times as 
needed to obtain additional space for further treatment of the raw silicon having a boron 
concentration. 

Further, Mellstrom teaches producers of solar cell silicon have especially wished 
for a boron reduction to 1-5 ppmw in the starting material, and this has not been 
possible with the prior art techniques. 

Regarding clam 12, it would have been obvious to one of ordinary skill in the art 
at the time of the invention to optimize the quantity of silica and sodium carbonate 
added to the molten silicon to obtain the purist form of silicon. 

Regarding claim 13, Mellstrom, example 1, teaches the slag forming agents 
consisted of 250 kg CaO which can be considered the one compound selected from the 
group consisting of oxides, carbonates and hydroxides of alkali and or alkaline earth 
metals and 875 kg of Si02. 



Application/Control Number: 1 0/591 ,093 Page 5 

Art Unit: 1793 

Therefore, this would result in a mol ratio of the moles of silicon in Si02 to moles 
of the alkali element in one or both of the carbonate of alkali metal and the hydrate of a 
carbonate of an alkali metal to be around 3. 

Regarding claims 14 and 15, Mellstrom teaches the composition of the slag 
suitably is .1-50% by weight of solid chlorine compounds, 0-50% by weight of at least 
one compound selected from the group consisting of oxides, carbonates and hydroxides 
of alkali and or alkaline earth metals and 0-80% by weight of silica. 

Claim 16 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Mellstrom (WO890215) as applied to claim 1 and further in view of Hurley (1992). 
Although Mellstrom teaches a method for the purification of silicon, Mellstrom does not 
teach adding an additive to increase the viscosity of the slag. 

Hurley, abstract, teaches a slag composition where the addition of alumina 
increases the viscosity and the Tc of the slag and therefore making the slag less 
corrosive. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to incorporate alumina as taught by Hurley in molten silicon/slag composition 
because Hurley teaches the alumina will increase the viscosity and the Tc of the molten 
silicon/slag mixture and therefore make the slag less corrosive. 
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Response to Arguments 

Applicant's arguments with respect to claims 1-16 have been considered but are 
moot in view of the new ground(s) of rejection. 

Applicant argues Mellstrom discloses that the carbonate of an alkali metal may 
be added as a slag component, but Mellstrom further requires the addition of a chloride 
as an essential slag forming component. 

Claim 1 is a comprising claim and therefore can include addition steps or slag 
components into the purification method. 

Although the Mellstrom examples teach using CaO, it would have been obvious 
to one of ordinary skill in the art at the time of the invention to use at least one 
compound selected from the group consisting of oxides, carbonates and hydroxides to 
obtain the maximum purification possible. 

Further, more evidence needs to be disclosed by the applicant on how the Hurley 
reference does not over the deficiencies of the Mellstrom reference. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to STEFANIE COHEN whose telephone number is 
(571)270-5836. The examiner can normally be reached on Monday through Thursday 
9:3am-6:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Melvin Curtis Mayes can be reached on 5712721234. The fax phone 
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number for the organization where this application or proceeding is assigned is 571- 
273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Stefanie Cohen 1/27/2010 
SC 

January 29, 2010 
/Melvin Curtis Mayes/ 

Supervisory Patent Examiner, Art Unit 1793 



